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ABSTRACT: The Amatrice-Visso-Norcia seismic sequence (AVN s.s in the following) includes the strongest 
earthquake occurred over the last 30 years in Italy. The seismic sequence started on August 24th, 2016 with two 
strong-moderate earthquakes (Mw 6.0 and Mw 5.4), causing extensive damages and 294 fatalities; they were fol-
lowed by thousands of aftershocks. On October 26 th two other moderate earthquakes occurred (Mw 5.4 and Mw 
5.9). On October 30 th the strongest earthquake of the sequence (Mw 6.5) struck Central Italy, causing no fatalities 
but more than 40,000 refugees.
Four more moderate earthquakes (Mw 5.0) occurred on January 18 th, 2017 at the southern margin of the activated 
region. By early 2018 INGV surveillance system had located more than 80000 earthquakes of the AVN s.s.
The strategy of the BSI group for the AVN s.s was to select the earthquakes located in the box with min/max latitu-
de: 42,2/43,2 - and min/max longitude: 12,4/14,1. BSI separately analyzed the selected events following specific 
rules, to prepare a special issue of the BSI on the seismic sequence (expected for the summer 2018). In addition, 
we decided to carefully review the earthquakes that followed the major shocks in the next 24-72 hours. The first few 
hours after a strong earthquake are the most critical for seismic surveillance, when countless
light, minor and moderate felt earthquakes occur, the demand for information from the population becomes more 
pressing, and it becomes crucial to follow the evolution of the seismic sequence in order to understand if and when 
it extends to the neighboring regions.
We compared the seismicity analyzed by the seismologists on duty in the surveillance room in Rome, with more 
than 15,300 earthquakes revised by the analysts of the BSI. BSI revised all automatic locations performed by the 
Earthworm system.
For each day, the revision of the analysts increases the number of located earthquakes by a factor of three, on ave-
rage. The aftershocks were located using different location techniques and 1-D velocity models ad hoc for the 
region. The new earthquake locations allow defining fault structures interested by the early aftershocks which relate 
to both Quaternary normal faults and inherited Pliocene thrusts. We also present time moment tensor of the seismic 
sequence and focal mechanisms obtained from first pulse polarity (FPFIT). The locations of the early aftershocks 
give very important clues on the initial fault activation and are fundamental to understand the physical mechanisms 
of the earthquake source.
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Early aftershocks of the 2016 Mw 6.0 Amatrice, Mw 5.9 Visso and Mw 6.5 Norcia earthquakes in central Italy: 
analysis of the Italian Seismic Bulletin
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Comparison between seismicity analysed in the INGV surveil-
lance room and the earthquakes revised by the analysts of the 
BSI in the 24 hours following the mainshocks.
Number of events    Completeness Magnitude    Magnitude changes    
BSI revised picks: 
standard locations 
BSI revised picks: 
NNL -velocity model and stat. res. 
August 2016-March 2018
a Magnitude distribution histograms. In purple not revised magnitude, in orange revi-
sed magnitude. 
 b Completeness Magnitude (Mc) and b-value estimation for both the revised and not 
revised catalogs. The values are obtained by integrating the Goodness of Fit (GFT) and the 
Completeness Magnitude and B-value Stability (MBS) methods. 
c Magnitude changes for events evaluated in real-time, in the surveillance room of the 
INGV, and then revised by BSI. In few cases, the magnitude scale used in real time is Md. 
The systematic overestimation of ML in the surveillance room is due to the occurrence of 
several earthquakes in the same time window. The problem was solved in 2017.
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Focal mechani-
sms are evalua-
ted routinely as 
TDMT. BSI is 
now using also 
the FPFIT 
software.
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The activate 
fault system is 
quite complex; 
for the very 
rst time we 
see the SW 
dipping fault 
below Accu-
moli.
Do the anti-
thetic faults 
play an impor-
tant role?
S e i s m i c i t y , 
along strike, 
started about 
where the pre-
vious one 
stopped.
The main-
shock M=6.5, 
occurred later 
in the sequen-
ce and nuclea-
ted at the 
boundary (red 
dotted line) 
between the 
fault system 
activated by 
the two pre-
vious largest 
events. The 
thrusts are in-
terested by 
the early after-
shocks and 
played an im-
portant role
